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Electrochemical Sensors in Immunological Measurement 

Background of the Invention 



Field of the Invention 



The present invention relates to an Petrochemical sensors 
determining a very small amount of an f'^SlSCSian ion sensitive field effect 
immunochemical sensor system wh.ch employes an ^•~""™ 8CI 
transistor (ISFET) as a detector electrode in enzyme .mmunoassay. 

Description of the Related Art 

Enzyme immunoassay (hereinafter. EIA) which ^^^^^S^l^^^ 
well-known techniques for determining a very small amount of ant.gen or y 

as »° llow , hnHu t „ H - measU red is reacted with a feed antigen or antibody 

in a sandwich assay, an antigen or an antibody to ^ "^reois re n0 n-reacted antigen or 

which has a specific reactivity with the an igen ^^me-labeled antigen or antibody 
antibody is swept, the bound antigen or ^"tibody .s further reacted wjn e y After non . reacte d 

which has a specific reactivity or aff.n.ty with the ant.gen «^JW^ antj or antibody is 

antigen or antibody is swept, the proportion ^.^^^S^^tot^m^r^tedrtwinined. 
measured by an enzyme reaction, so ^^^^^^SSZ antibody is added to a solution 
in a competitive assay, a predeterm.ned amount of labeled antigen or ^ antibody wWch 

containing an antigen or an antibody to be measured • ?J J^SJ After non-reacted antigen or 

has a specific reactivity with the ant.gen or "^^^^^'"Sen or antibody is measured by an 
antibody is swept, the proportion o the i conjuga ^ n ^^^ measured „ determined, 
enzyme reaction, so that the quantity or the an tiger , or ant ibooy portion Q f the conjugated 

en'^ab^ 

"When the enzyme activity is determ^^^^ 

,SFE1) can be used as a pH e lec trode^ The ISFET s ^peetejtt) 9^ , assay . 

measuring a very small amount of samples £»|^2 J ™ can not be appli ed to practical uses in an 
However, the ion selective electrode or oxidase ?s used as a labeling enzyme. In fact, when a 

immunochemical measurment method ,n which glucose » J^ ose 0 « dase is attached by an 

detector electrode on which an ant.gen or an antibody J™£*"™^ js to be determined and whose 
immune-, eaction is immersed in a goose s* ut.on quiC k.y. in other words the 

g.ucose will be oxidized with ^^^^^SS£Si amount of labeling enzyme satisfactorily. 

V Th=n^ 
50 immunoassay. 

Summary of the Invention 

An ******** senso, - .or *>^^ 

enzym. wmonoosooy according to «^"^"t«b5*h con be bouoo to on an, i9 on 

specific reactivity with the antigen or antibody to be measureo »n 
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The 3 preferred embodiment of the present "T^' ^i^'Sf a aetector e,ectrode by ? 

SSJEKE. « W=w.n, reactions p,oc,«.: 

glucose oxidase 

_ > aluconolactone + H2O2 

glucose + O2 " 0 

gluconolactonase 

. -> gluconic acid 

aluconolactone 0 

potentiometric enzyme .mmuno-sensors it tn e i » » , can not be obta.ned because^ °' 
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Rg. 1. - 10 «- ^t^^^^""^ 
oresent invention for determining human IgG oy an .o 

frnmoSized. characteris tics when the ISFET which is subjected to an immuno-react.on ,s 

Fig 2 shows the response characteristic* 
immersed in a glucose solution. he c£)ncen tration of human IgQ. 

Fig 3 shows a relation between the output ot ibi-t 

wmmm^mm 

resulting eluted solut.on of glucose °™ a * e ™ a 9 ml of 1 M sodium carbonate buffer pH 9.5)^ ana is le 

containing 5 mg of sheep anti-human gG and 0.1 ml a£ physio|ogjcal saline to obta.n a sheep ^ 

Shui: SMSSL oSi and gluconolactonase. 
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By using this sheep anti-human IgG labeled with glucose oxidase and gluconolactonase, the concentration 
of human IgG is determined as follow: . . 

At first as is shown in Fig. 1A, an ISFET (1) on a surface of which sheep anti-human IgG is immobilized is 
immersed in a solution (2) to be measured and containing human IgG for 5 minutes to perform 
5 antigen-antibody reaction. Then, the ISFET (1) is immersed in the solution (3) of sheep anti-human IgG labelled 
with glucose oxidase and gluconolactonase for 5 minutes as is shown in Fig. 1B. After then, as is shown in 
Fig. 1C. the ISFET (1) is immersed in 0.01 mM phosphate buffer (4) (pH 6.8) the glucose concentration of which 
is 500 mg/dl to measure the pH change in a membrane fixed on the surface of the ISFET (1). 

Fig. 2 shows response characteristics for the respective concentrations of the human IgG of 10 ^iM, 20 u.M 
W and 30 uM, when the ISFET is immersed in the glucose solution after the immuno-reaction. The output signal of 
ISFET is recorded by a source follower circuit. Fig. 2 reveals such a fact that the output level increase with time 

elapsed. ~ • ■ ♦ «• 

Fig. 3 shows a relation between the output of ISFET and the concentration of human IgG in one minute after 

the ISFET is immersed in the glucose solution. 
15 It is apparent from the Example that a big output signal can be obtained in a short time after the 
immune-reacted ISFET is immersed in the glucose solution according to the present invention in which both of 
glucose oxidase and gluconolactonase are used as labeling enzymes, so that higher sensitivity of 

measurement is assured. , _ _ 

Although glucose oxidase and gluconolactonase are reacted simultaneously with the antibody to obtain the 
20 labelled antibody in the Example, it is also possible to react the antigen with glucose oxidase at first and then 
with gluconolactonase separately. 
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Claims 



25 

1 An electrochemical sensor system used for determining the quantity of an antigen or an antibody by 
the enzyme immunoassay, including an electrode for detecting the change in electrochemical value and at 
least one enzyme labeled antigen or antibody which can be bound to an antigen or antibody to be 
measure, characterized in that said enzyme labeled antigen or antibody is labeled with at least two 
30 enzymes of glucose oxidase and gluconolactonase. 

2. The electrochemical sensor system set forth in Claim 1, characterized in that the enzyme 
immunoassay is carried out by a sandwich assay or a competitive assay. 

3 The electrochemical sensor system set forth in Claim 1 or 2, characterized by including further a fixed 
antigen or antibody which has a specific reactivity with the antigen or antibody to be measured in case of 
the sandwich assay or with the enzyme labeled antigen or antibody in the case of the competitive assay. 

4. The electrochemical sensor system set forth in any one of Claim 1 to 3, characterized in that said 
electrode is an ion selective electrode or an ion sensitive field effect transistor (ISFET). 

5. The electrochemical sensor system set forth in any one of Claim 1 to 4, characterized in that said 
antigen or antibody to be measure is human IgG. 

6 Immunological measurment method by enzyme immunoassay for determining the quantity ot an 
antigen or an antibody by an electrochemical sensor, characterized in that at least two enzymes of 
glucose oxidase and gluconolactonase are used as enzyme labeled antigens or antibodies. 

7. The immunological measurment method set forth in Claim 6, characterized in that the enzyme 
immunoassay is carried out by a sandwich assay or a competitive assay. 

8 The immunological measurment method set forth in Claim 6 or 7, characterized in that the antigen or 
antibody to be measured or the enzyme labeled antigen or antibody is bound to a fixed antigen or 
antibody which has a specific reactivity them. . 

9. The immunological measurment method set forth in any one of Claim 6 to 9, characterized in that said 
electrode is an ion selective electrode or an ion sensitive field effect transistor (ISFET). 

10.The immunological measurmentrfnethod set forth in any one of Claim 6 to 9, characterized in that said 
antigen or antibody to be measure is human IgG. 
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FIGURE 1A 
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© Electrochemicai sensors in immunoiogicai measurement 



<S) An electrochemical sensor system used for de- 
fining the quantity of glucose by the enzyme 
immunoassay by means of ion se.ect.ve elect od o 
an ion sensitive field effect trans.stor (ISFET) char 
acterized in that at least two enzymes of glucose 
oxidase and gluconolactonase are used as enzyme- 
labeled antigens or antibodies. 
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